We present the first detailed study of earthquake detection is complete at M = 2.9 for the entire territory excluding the islands of 
Introduction
Earthquake catalogs are one of the most important products of seismological networks.
29
Their completeness in detecting earthquakes down to small magnitudes is a crucial param-
30
eter to many studies in earthquake statistics, source seismology, and probabilistic seismic 31 hazard analysis. Estimating completeness incorrectly may subsequently lead to wrong re-32 sults when, e. g., determining seismic rate changes, investigating the development of after- provides a full description of recording probabilities over space, time, and magnitude.
63
We present a comprehensive study of the recording completeness for the Italian Rete
64
Sismica Nazionale (National Seismic Network, RSN), operated by the Istituto Nazionale 
70
The National Seismic Network
The Italian National Seismic Network has been strongly improved in the last 10 years.
71
During this period, the number of earthquakes located within the coverage of the RSN distance L is detected at a particular station. Here A means that the earthquake trig- by P D (A|B) without introducing a significant bias.
169
The detection-probability distributions describe the detection characteristic of each sta- from these probability distributions.
176
In a second step, we compute the probabilities of recording of an event with a particular 177 magnitude for a set of points in space for a given time, e. g., a grid on a map or a 178 cross-section. For that purpose, we identify all stations that were in operation at this for events with magnitudes equal to or larger than the completeness magnitude. Let 199 us define P i (A|L, M ) as the probability that an event of magnitude M at a distance L 200 triggers the ith station, P i (A|L, M, B) is the same probability conditioned by the fact 201 that the event is localized, and P i (A|L, M, B) is the same probability conditioned by the 202 fact that the event is not localized. Basically, we want to prove the hypothesis H, i.e.,
The difference between localized and non-localized events simply relies on the number we consider events detected by a different number of stations. In Figure @@ we report 221 the standardized differences between the detection probability for N loc =4-5, 4-6, and 4-7, (A|L, M, B) ) can be approximated by
where N + is the number of localized events recorded at the ith station station, while 
Therefore, the condition that P i (A|B) = P i (A) is met if 
236
The first case can be considered the trivial case and should only apply to larger magni- To be multiplied by the probability that the ith station is one of the triggered station, i.e.,
256
1/M 1 for nonlocalized events, and 1/M 2 for localized events.
257
If the hypothesis H (P i (A|B) = P i (A)) holds, the latter probabilities should be the 1% of these values above z = 2.5 or below z = −2.5 that represents the 99% confidence 265 interval. For all N loc considered we never have more than 1% of the differences outside this 266 interval. This confirms that difference in the percentages is not statistically significant 267 for earthquakes above the completeness magnitude, and consequently it confirms the 268 reliability of our hypothesis H. In practice, using P i (A|B) instead of P i (A) does not 269 introduce any significant bias into the completeness analysis. where − log A 0 is the distance correction used in the original definition by Richter [1958] and r is the hypocentral distance in kilometers. Therefore, the event magnitude, M L , is defined as 
Results
We computed maps of detection probability, P E , for magnitudes 0-4 in 0.1 magnitude able to record M = 1 events with a probability of We also computed completeness maps for different probability levels and different depth 333 layers (Figure 3) . We have chosen probability levels of P E = 0.99 and P E = 0.99999 and are lower for the lower probability level P E = 0.99. Simultaneously, they are higher
337
for P E = 0.99999. We have chosen to display completeness magnitudes with a rather 338 coarse and discrete colormap to better visualize the changes in completeness with changing 339 parameters.
340
A similar trend can be seen for varying depth layers. We additionally computed com- 
344
This trend can also be seen in the detection-probability cross-sections in Figure 4 . We investigated the effect of major system failures to the detection capability of the (bottom center) Map of P 2.9 . The catalog can be considered complete at the M P = 2.9 level for the entire territory of Italy except for the islands of Sardinia, Pantelleria, and Lampedusa. 
